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Al. A( ), $B$ ( ) 1 1 $T$
A2. A $K$ $K>T$
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$M>0$
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A3.1 A 2
$B$ $x$
A4. $B$ $y(0\leq y\leq x)$ A








$\alpha$ $y$ $y$ ,
A7.
A( ) B( )
$n$ A
$k$ $B$ $x$ $(n, k, x)$
$n$ $k$ $x$
$\{q_{n}(x), x=0,1, \cdots, M\}$ $q_{n}(x)$
$x$ $\sum_{x=0}^{M}q_{n}(x)=1$
$k>0$
( P) $\pi_{1}$ , ( NP) $\pi_{2}$ $\pi=(\pi_{1}, \pi_{2})$
$x$ $y(y=0, \cdots, x)$ $S(y)$ $S(y)$ $p_{x}(y)$
$\rho_{x}=(\rho_{x}(0), \rho_{x}(1), \cdots, \rho_{x}(x))$ $x$
$x=0,$ $\cdots,$ $M$ $\rho_{x}$ $\rho=\{\rho_{x}, x=0, \cdots, M\}$
$q_{n}$ $(n, k, x)$ $n$
$w(n, k, x;q_{n})$
$S(0)$ $S(y)$
$NPP$ $(\begin{array}{ll}w(n-1,k-l,x\cdot\Gamma_{P}(q_{n})) \alpha p_{1}(y)-yp_{2}(y)+(l-p_{1}(y))w(n-1,k-1,x-y\cdot\Gamma_{P}(q_{n}))w(n-1,k,x\cdot\Gamma_{N}(q_{n})) -y+w(n-l,k,x-y\cdot\Gamma_{N}(q_{n}))\end{array})$
(2)
2 A 2 P, NP B
$S(0),$ $\cdots,$ $S(x)$ $x+1$ $S(O)$ (
$NS$:No-Smuggling ) $y$ $S(y)$ 2
Fp $(q_{n}),$ $\Gamma_{N}(q_{n})$ (P) $\searrow$ (NP)
$q_{n}$ 1
(1) $y=0$ $S(y)$ $S(y)$
26
$R_{x}(P, y)$ $\equiv$ $\alpha p_{1}(y)-yp_{2}(y)+(1-p_{1}(y))w(n-1, k-1, x-y;\Gamma_{P}(q_{n}))$ (3)
$R_{x}(NP, y)$ $\equiv$ $-y+w(n-1, k, x-y;\Gamma_{N}(q_{n}))$ (4)
$n,$ $k,$ $x$








$R(\pi, \rho;q_{n})$ $\equiv$ $\sum_{x=0}^{M}q_{n}(x)\sum_{y=0}^{x}\rho_{x}(y)\{\pi_{1}(-(M-x)+R_{x}(P, y))+\pi_{2}(-(M-x)+R_{x}(NP, y))\}$





(5) (6) $\sum_{y}$ $X$
(5) $R(\pi, \rho;q_{n})$ $\rho_{x}$
$R(\pi, \rho;q_{n})$
$\pi*$ $\rho^{*}=\{\rho_{x}^{*}, x=0, \cdots, M\}$
(6) 1 $\pi*,$ $\rho*$
$\tilde{R}(\pi, \rho;q_{n})\equiv\sum_{x=0}^{M}q_{n}(x)\sum_{v=0}^{x}\rho_{x}(y)(\pi_{1}R_{x}(P, y)+\pi_{2}R_{x}(NP, y))$ (7)
2 $(n, k, x)$
$n$ $w(n, k, x;q_{n})$
$w(n, k, x;q_{n})= \sum_{y=0}^{x}\rho_{x}^{*}(y)(\pi_{1}^{*}R_{x}(P, y)+\pi_{2}^{*}R_{x}(NP, y))=\min_{y=0,\cdots,x}\{\pi_{1}^{*}R_{x}(P, y)+\pi_{2}^{*}R_{x}(NP, y)\}$ (8)
$\tilde{R}(\pi, \rho;q_{n})$





$s$ .t. $\pi_{1}\{\alpha p_{1}(y)-yp_{2}(y)+(1-p_{1}(y))w(n-1, k-1, x-y;\Gamma_{P}(q_{n}))\}$
$+\pi_{2}\{-y+w(n-1, k, x-y;\Gamma_{N}(q_{n}))\}\geq\mu_{x},$ $y=0,$ $\cdots,$ $x,$ $x\in Q_{n}^{+}$ ,
$\pi_{1}+\pi_{2}=1$ , $\pi_{1},$ $\pi_{2}\geq 0$ .
(8) $x\in Q_{n}^{+}$ $x$ $(P_{P})$ $\mu_{x}^{*}$ $w(n, k, x;q_{n})$
$w(n, k, x;q_{n})=\mu_{x}^{*},$ $x\in Q_{n}^{+}$ (9)
$\tilde{R}(\pi, \rho;q_{n})$
$(P_{S})$ $\min$ $\lambda$
$\{\rho_{x}(y),y\in J_{x},x\in Q_{n}^{+}\},$ $\lambda$




$\sum\rho_{x}(y)=x1,$ $X\in Q_{n}^{+}$ , $\rho_{x}(y)\geq 0,$ $y=0,$ $\cdots,$ $x,$ $X\in Q_{n}^{+}$ .
$y=0$














$q_{T}(M)=1$ , $q_{T}(x)=0,$ $M\neq x\in I_{M}$ (12)





$(P_{P})$ (Ps) $\pi^{*}$ , $\rho_{x}^{*}(y)$
$w(n-1, \cdot)$ $\Gamma_{P}(q_{n}),$ $\Gamma_{N}(q_{n})$ (11), (10)
$\rho_{x}^{*}(y)$
$(P_{P})$ (Ps) $\pi^{*},$ $\rho_{x}^{*}(y)$ $w(n, k, x;q_{n})$
$\Gamma_{P}(q_{n})$ $\Gamma_{N}(q_{n})$ $w(n-1, \cdots;\Gamma_{P}(q_{n}))$ $w(n-1, \cdots;\Gamma_{N}(q_{n}))$
$\pi^{*}(\Gamma_{P}(q_{n}), \Gamma_{N}(q_{n})),$ $\rho_{x}^{*}(y:\Gamma_{P}(q_{n}), \Gamma_{N}(q_{n})),$ $w(n, k, x;q_{n}:\Gamma_{P}(q_{n}), \Gamma_{N}(q_{n}))$
$\{q_{n}(x), x=0, \cdots, M\}$ $q_{n}(x)\in\Phi\equiv\{0,1/m, 2/m, \cdots, m/m\}$ $\sum_{x=0}^{M}q_{n}(x)=1$
$\Phi\cross\Phi\cross\cdots\Phi=\Phi^{M+1}$ $M+mCm$
(Sl) $n=0$ $k,$ $x,$ $q_{n}$ $w(n, k, x;q_{n})=0$ $n=1$
(S2) $n=T$ $k=K$ $q_{T}(M)=1,$ $q_{T}(x)=0(x\neq M)$ (S3)
$w(N, K, M:q_{T})$
$n\neq T$ $k\in\{0,1, \cdots, K\}$ $q_{n}\in\Phi^{M+1}$ (S3)
(S3) $n-1$ $q’,$ $q”\in\Phi^{M+1}$ (S4) $\pi^{*}(q’, q’’),$ $\rho_{x}^{*}(y:q’, q’’)$ ,
$w(n, k, x;q_{n}:q’, q’’),$ $\Gamma_{P}(q_{n})(x)$ $\Gamma_{N}(q_{n})(x)$ $q’=\Gamma_{P}(q_{n})$ $q”=\Gamma_{N}(q_{n})$
$(n, k;q_{n})$ $\pi^{*}$ $\pi^{*}(q’, q’’)$ $(n, k, x;q_{n})$
$\rho_{x}^{*}(y)(y\in I_{x}, x\in I_{M})$ $\rho_{x}^{*}(y:q’, q’’)$ $w(n, k, x;q_{n})$
$w(n, k, x;q_{n}:q’, q’’)$
$q’,$ $q”\in\Phi^{M+1}$
$(n, k;q_{n})$
(S4) $w(n-1, \cdots;\Gamma_{P}(q_{n}))$ $w(n-1, \cdots;\Gamma_{N}(q_{n}))$ $w(n-1, \cdots;q’)$ $w(n-1, \cdots;q’’)$
$(P_{P})$ $(P_{S})$ $\pi^{*}(q’, q’’),$ $\rho_{x}^{*}(y:q’, q’’)$ $w(n, k, x;q_{n}:q’, q’’)$
$\rho_{x}^{*}(y:q’, q’’)$ $q_{n}$ (11), (10) $\Gamma_{P}(q_{n})(x)$ $\Gamma_{N}(q_{n})(x)$
$\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\{b$ $[0,$ $\frac{1}{2m}),$ $[ \frac{1}{2m},$ $\frac{3}{2m}I,$ $\cdots,$ $[ \frac{2k-1}{2m},$ $\frac{2k+1}{2m})$ ,










1 $\alpha=4$ $y=1,$ $\cdots,$ $5$ $p_{1}(y)$
$p_{2}(y)$ 1 $y=1$ $y=2$
1 $\alpha p_{1}(y)-yp_{2}(y)$
$y$ 1
2 $\alpha=2$ 2 $y=1$
$y=2$




$0$ 1 2 3 4 5
$p_{1}(y)$ $0$ 0.34 0.45 0.56 0658 0736
$p_{2}(y)$ 1 0.66 0.55 0.44 0342 0264
$\alpha p_{1}(y)-yp_{2}(y)$ $0$ 0.699 0.700 0.921 1264 1622
2
$\dot{y}$ 3$($ $-$ $2)$ 5
$p_{1}(y)$ $0$ 0.10.45 0.7 0.8 0.85
$p_{2}(y)$ 1 0.9 0.55 0.3 0.2 0.15
$\alpha p_{1}(y)-yp_{2}(y)$ $0$ $-0.7$ $-0.2$ 0.5 0.8 0.95
$(n, k, x)$







1 2 3 4
2 1 $-0.371$ $-0.851$ $-1.3$ -1.727
$-0.371$ $-0.851$ $-1.3$ -1727
3 1-0.541 -1.194 -1814 -2412
$-0.541$ -1.194 $-1814$ $-2.412$
2-0.179 $-0.479$ $-0.747$ $-0.988$
$\frac{-0..179-0..479-0..747-0.988}{41-0639-1379-2089-2.78}$
$-0.639$ $-1.379$ $-2.089$ $-2.78$
2
$\frac{-0..323-0..797-1.229-1..629}{-0323-0797-1.229-1629}$
3 $-0.095$ $-0.301$ $-0.48$ $-0.632$





2 1 0371 0426 0.433 0.432
$0371$ $0426$ 0.433 0.432
3 1 027 0299 0.302 0.302
027 0299 0.302 0.302
2 0483 0563 0.575 0.572
$0483$ $0563$ 0.575 0.572
4 1 0213 023 0.232 0.232
0213 023 0.232 0.232
2 0398 0445 0.452 0.45
0398 0445 0.452 0.45
3 0532 0629 0.643 0.64























2 1 $-0.85$ -1621 -1991 -2307
$-0.85$ -1629 -1991 -2.307
31 $-0.9$ -1761 -2557 -3086
$-0.9$ $-1767$ $-2.57$ $-3.09$
2 $-0.8$ -1537 $-2166$ $-2.398$
$-0.8$ $-1.543$ $-2.166$ $-2.398$
$4$ 1 -0925 -1823 -2685 -3488
$-0.925$ $-1825$ $-2.7$ $-3.5$
2
$\frac{-0.85-1..652-2..392-3..017}{-0.85-1655-2416-3057}$
3 $-0.775$ $-1.487$ $-2.123$ -2.649






2 1 05 0.714 0.364 0.357
0.5 0.714 0.364 0.357
3 1 0333 0.356 0.561 0.233
0.333 0.333 0.574 0.243
2 0.667 0.693 10.417
0.667 0.667 10.421
410.25 0.258 0.29 0.44
0.250 0.25 0.25 0.381
2 05 0.512 0.577 0.9
0.5 0.5 0.54 0.79
30.75 0.76 0.839 1
0.750 0.751 0.817 0.889
$\searrow$ 1
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